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(57) ABSTRACT 

Microelectronic devices and methods for manufacturing 
microelectronic devices are disclosed herein. In one embodi 
ment, a microelectronic device includes a microelectronic 
die, a plurality of electrical couplers projecting from the die, 
and a flowable material disposed on the die. The die includes 
an integrated circuit and a plurality of terminals operably 
coupled to the integrated circuit. The electrical couplers are 
attached to corresponding terminals on the die. The flowable 
material includes a plurality of spacer elements sized to 
space the die apart from another component. The flowable 
material may be a no-flow underfill, a flux compound, or 
other suitable material. 
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MCROELECTRONIC DEVICES AND METHODS 
FOR MANUFACTURING MICROELECTRONIC 

DEVICES 

TECHNICAL FIELD 

0001. The present invention is related to microelectronic 
devices and methods for manufacturing microelectronic 
devices. 

BACKGROUND 

0002 Microelectronic devices generally have a die (i.e., 
a chip) that includes integrated circuitry having a high 
density of very Small components. In a typical process, a 
large number of dies are manufactured on a single wafer 
using many different processes that may be repeated at 
Various stages (e.g., implanting, doping, photolithography, 
chemical vapor deposition, plasma vapor deposition, plat 
ing, planarizing, etching, etc.). The dies typically include an 
array of very small bond-pads electrically coupled to the 
integrated circuitry. The bond-pads are the external electrical 
contacts on the die through which the Supply Voltage, 
signals, etc., are transmitted to and from the integrated 
circuitry. The dies are then separated from one another (i.e., 
singulated) by dicing the wafer and backgrinding the indi 
vidual dies. After the dies have been singulated, they are 
typically "packaged to couple the bond-pads to a larger 
array of electrical terminals that can be more easily coupled 
to the various power supply lines, signal lines, and ground 
lines. 

0003. One type of microelectronic device is a “flip-chip' 
semiconductor device. These devices are referred to as 
“flip-chips' because they are typically manufactured on a 
wafer and have an active side with bond-pads that initially 
face upward. After manufacture is completed and a die is 
singulated, the die is inverted or “flipped' such that the 
active side bearing the bond-pads faces downward for 
attachment to a Substrate. The bond-pads are usually coupled 
to terminals, such as conductive "bumps, that electrically 
and mechanically connect the die to the substrate. The 
bumps on the flip-chip can be formed from solders, con 
ductive polymers, or other materials. In applications using 
solder bumps, the solder bumps are reflowed to form a 
solder joint between the flip-chip component and the sub 
strate. This leaves a small gap between the flip-chip and the 
substrate. To enhance the integrity of the joint between the 
die and the substrate, an underfill material is introduced into 
the gap. The underfill material bears some of the stress 
placed on the components and protects the components from 
moisture, chemicals, and other contaminants. The underfill 
material can include filler particles to increase the rigidity of 
the material and modify the coefficient of thermal expansion 
of the material. 

0004 Electronic products require packaged microelec 
tronic devices to have an extremely high density of compo 
nents in a very limited space. For example... the space 
available for memory devices, processors, displays, and 
other microelectronic components is quite limited in cell 
phones, PDAs, portable computers, and many other prod 
ucts. As such, there is a strong drive to reduce the Surface 
area or “footprint of a microelectronic device on a printed 
circuit board. Reducing the size of a microelectronic device 
is difficult because high performance microelectronic dies 
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generally have more bond-pads, which result in larger 
ball-grid arrays and thus larger footprints. One technique 
used to increase the density of microelectronic dies within a 
given footprint is to stack one microelectronic die on top of 
another. For example, FIG. 1A schematically illustrates a 
conventional microelectronic device 4 including a first 
microelectronic die 10a, a second microelectronic die 10b 
stacked on top of the first die 10a, an interposer substrate 60 
carrying the first and second dies 10a-b, a plurality of first 
solder bumps 20a between the first die 10a and the substrate 
60, and a plurality of second solder bumps 20b (only one 
shown) between the first and second dies 10a-b. FIG. 1B 
schematically illustrates the microelectronic device 4 after 
reflowing the first and second solder bumps 20a-b to 
mechanically and electrically connect the first die 10a to the 
substrate 60 and the second die 10b to the first die 10a, 
respectively. 

0005 One drawback of the conventional microelectronic 
device 4 illustrated in FIGS. 1A and 1B is that during reflow 
the weight of the dies 10a-b may cause the heated solder 
bumps 20a-b to collapse such that the dies 10a-b move 
toward the substrate 60 in a direction X. The collapse of the 
solder bumps 20a-b and associated movement of the dies 
10a-b can cause several problems. First, the solder from the 
bumps 20a-b may spread too far such that the solder from 
one bump 20a-b contacts the solder from an adjacent bump 
20a-band creates an electrical short in the device 4. Second, 
the downward movement of the dies 10a-b may leave an 
insufficient gap Y between the first die 10a and the substrate 
60 and/or between the first and second dies 10a-b. If the gap 
Y between the components is too small, it is difficult to wick 
underfill material into the gap Y. Third, the downward 
movement of the dies 10a-b creates variances in the height 
of different devices 4, which can cause problems with 
molding, testing, and other post-reflow processes that 
require known device heights. Fourth, when the solder 
bumps 20b are positioned along only a central portion of the 
die 10b (e.g., memory dies), the second die 10b may tilt after 
reflow. Die tilt can also cause problems with molding, 
testing, and other post-reflow processes. For example, if the 
second die 10b is not parallel to the first die 10a, the “high 
side of the second die 10b may be exposed after encapsu 
lation. Accordingly, there is a need to improve the process of 
packaging dies in microelectronic devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1A schematically illustrates a conventional 
microelectronic device in accordance with the prior art. 
0007 FIG. 1B schematically illustrates the conventional 
microelectronic device of FIG. 1A after reflowing the solder 
bumps. 

0008 FIGS. 2A-2C illustrate stages in one embodiment 
of a method for manufacturing a plurality of microelectronic 
devices in accordance with the invention. 

0009 FIG. 2A is a schematic side cross-sectional view of 
a portion of a microfeature workpiece including a substrate 
and a plurality of microelectronic dies formed in and/or on 
the substrate. 

0010 FIG. 2B is a schematic side cross-sectional view of 
a microelectronic device assembly including a plurality of 
singulated dies arranged in an array on a Support member. 
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0011 FIG. 2C is a schematic side cross-sectional view of 
the microelectronic device assembly after reflowing the 
electrical couplers to mechanically and electrically connect 
the terminals to the contacts. 

0012 FIGS. 3A-3E illustrate stages in another embodi 
ment of a method for manufacturing a plurality of micro 
electronic devices in accordance with the invention. 

0013 FIG. 3A is a top plan view of a microfeature 
workpiece. 

0014 FIG. 3B is a schematic side cross-sectional view of 
the workpiece taken substantially along line 3B-3B in FIG. 
3A. 

0.015 FIG. 3C is a schematic side cross-sectional view of 
the workpiece after forming an underfill layer on the dies. 
0016 FIG. 3D is a schematic side cross-sectional view of 
a microelectronic device assembly including a plurality of 
singulated microelectronic dies arranged in an array on a 
Support member. 
0017 FIG.3E is a schematic side cross-sectional view of 
the microelectronic device assembly after reflowing the 
electrical couplers to mechanically and electrically connect 
the terminals to the contacts. 

0018 FIG. 4A is a schematic top plan view of a micro 
feature workpiece in accordance with another embodiment 
of the invention. 

0.019 FIG. 4B is a schematic side cross-sectional view of 
the workpiece taken substantially along line 4B-4B in FIG. 
4A. 

0020 FIGS. 5A and 5B illustrate stages in another 
embodiment of a method for manufacturing a plurality of 
microelectronic devices in accordance with the invention. 

0021 FIG. 5A is a schematic side cross-sectional view of 
a microelectronic device assembly in accordance with 
another embodiment of the invention. 

0022 FIG. 5B is a schematic side cross-sectional view of 
the microelectronic device assembly after reflowing the first 
and second electrical couplers. 

DETAILED DESCRIPTION 

A. Overview 

0023 The following disclosure describes several 
embodiments of microelectronic devices and methods for 
manufacturing microelectronic devices. An embodiment of 
one such device includes a microelectronic die, a plurality of 
electrical couplers projecting from the die, and a flowable 
material disposed on the die. The die includes an integrated 
circuit and a plurality of terminals operably coupled to the 
integrated circuit. The electrical couplers are attached to 
corresponding terminals on the die. The flowable material 
includes a plurality of spacer elements sized to space the die 
apart from another component to which the die is Subse 
quently attached. The flowable material may be a no-flow 
underfill, a flux compound, or other suitable material. 
0024. In another embodiment, a microelectronic device 
includes (a) a microelectronic component having an active 
side and a plurality of terminals on the active side, (b) a 
plurality of electrical couplers attached to corresponding 
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terminals and projecting from the microelectronic compo 
nent, and (c) a flowable material disposed on the active side 
of the microelectronic component. The individual electrical 
couplers have a first dimension, and the flowable material 
includes a plurality of spacer elements having a second 
dimension at least 30% of the first dimension. 

0025. In another embodiment, a microelectronic device 
includes (a) a microelectronic component having a plurality 
of terminals, (b) a plurality of electrical couplers attached to 
corresponding terminals, (c) a Substrate having a plurality of 
contacts coupled to corresponding electrical couplers, and 
(d) a flowable material between the microelectronic com 
ponent and the substrate. The flowable material includes a 
plurality of spacer elements with at least one spacer element 
contacting the microelectronic component and the Substrate. 
The electrical couplers can include a plurality of reflowed 
solder balls. 

0026. In another embodiment, a microelectronic device 
includes a first microelectronic die, a second microelectronic 
die, and a plurality of electrical couplers between the first 
and second dies. The first die includes an integrated circuit, 
a plurality of terminals operably coupled to the integrated 
circuit, and a plurality of conductive interconnects extending 
through the first die. The second die includes an integrated 
circuit and a plurality of terminals operably coupled to the 
integrated circuit. The electrical couplers electrically con 
nect the terminals of the second die to corresponding inter 
connects of the first die. The microelectronic device further 
includes a flowable material disposed between the first and 
second dies. The flowable material includes a plurality of 
spacer elements sized to space the first and second dies apart 
by a gap. 
0027. Another aspect of the invention is directed to 
methods for manufacturing microelectronic devices. An 
embodiment of one such method includes depositing a 
flowable material onto a first microelectronic component 
having a plurality of terminals, and attaching the first 
microelectronic component to a second microelectronic 
component with the flowable material positioned between 
the first and second components and with a plurality of 
electrical couplers electrically connecting the terminals on 
the first component to corresponding contacts on the second 
component. The flowable material includes a plurality of 
spacer elements. The method further includes reflowing the 
electrical couplers such that at least one of the spacer 
elements contacts the first and second microelectronic com 
ponents. 

0028 Specific details of several embodiments of the 
invention are described below with reference to microelec 
tronic devices with two stacked microelectronic dies, but in 
other embodiments the microelectronic devices can have a 
different number of stacked dies. Several details describing 
well-known structures or processes often associated with 
fabricating microelectronic dies and microelectronic devices 
are not set forth in the following description for purposes of 
brevity and clarity. Also, several other embodiments of the 
invention can have different configurations, components, or 
procedures than those described in this section. A person of 
ordinary skill in the art, therefore, will accordingly under 
stand that the invention may have other embodiments with 
additional elements, or the invention may have other 
embodiments without several of the elements shown and 
described below with reference to FIGS 2A-5B. 
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0029. The term “microfeature workpiece” is used 
throughout to include Substrates upon which and/or in which 
microelectronic devices, micromechanical devices, data 
storage elements, optics, and other features are fabricated. 
For example, microfeature workpieces can be semiconduc 
tor wafers, glass Substrates, dielectric Substrates, or many 
other types of substrates. Many features on such microfea 
ture workpieces have critical dimensions less than or equal 
to 1 Jum, and in many applications the critical dimensions of 
the smaller features are less than 0.25 um or even less than 
0.1 um. Where the context permits, singular or plural terms 
may also include the plural or singular term, respectively. 
Moreover, unless the word 'or' is expressly limited to mean 
only a single item exclusive from other items in reference to 
a list of at least two items, then the use of 'or' in such a list 
is to be interpreted as including (a) any single item in the list, 
(b) all of the items in the list, or (c) any combination of the 
items in the list. Additionally, the term “comprising is used 
throughout to mean including at least the recited feature(s) 
Such that any greater number of the same features and/or 
types of other features and components are not precluded. 

B. Embodiments of Methods for Manufacturing Microelec 
tronic Devices 

0030 FIGS. 2A-2C illustrate stages in one embodiment 
of a method for manufacturing a plurality of microelectronic 
devices in accordance with the invention. For example, FIG. 
2A is a schematic side cross-sectional view of a portion of 
a microfeature workpiece 100 including a substrate 108 and 
a plurality of microelectronic dies 110 (only two are shown) 
formed in and/or on the substrate 108. The individual dies 
110 include an active side 112, a backside 114 opposite the 
active side 112, a plurality of terminals 116 (e.g., bond-pads) 
arranged in an array on the active side 112, and an integrated 
circuit 118 (shown schematically) operably coupled to the 
terminals 116. Although the illustrated dies 110 have the 
same structure, in other embodiments the dies may have 
different features to perform different functions. 

0031. After manufacturing the microelectronic dies 110. 
a plurality of electrical couplers 120 are constructed on 
corresponding terminals 116 and a flowable material or 
underfill layer 130 is formed across the workpiece 100. The 
electrical couplers 120 project from the dies 110 and are 
conductive structures for electrically coupling the individual 
dies 110 to other components, such as printed circuit boards 
or other dies. For example, the illustrated electrical couplers 
120 can be solder balls that are “bumped onto the dies 110 
using a capillary or another suitable device. The underfill 
layer 130 protects the active side 112 of the dies 110 from 
moisture, chemicals, or other contaminants. The underfill 
layer 130 can be formed on the workpiece 100 by spin-on 
processes or other Suitable processes. In the illustrated 
embodiment the underfill layer 130 has a thickness D 
greater than a diameter D of the electrical couplers 120, but 
in other embodiments the thickness D of the underfill layer 
130 can be less than the diameter D of the electrical 
couplers 120. 

0032) The illustrated underfill layer 130 includes a flow 
able matrix or binder 132 and a plurality of spacer elements 
134 disposed within the binder 132. The binder 132 can 
include a no-flow underfill, an epoxy flux, a tacky flux, or 
other material. For example, suitable binders 132 include 
FluxFillTM FF-2300 manufactured by Henkel Technologies 
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of Irvine, Calif., and PK-002 Flip-Chip Epoxy Flux manu 
factured by Indium Corporation of Utica, N.Y. 
0033. The spacer elements 134 are sized to provide a 
minimum gap between the individual dies 110 and the 
corresponding external members. For example, in several 
applications, the spacer elements 134 may have a diameter 
D between approximately 37 um and approximately 100 
um. In other applications, however, the diameter D of the 
spacer elements 134 can be less than 37 um or greater than 
100 um. The size of the spacer elements 134 may also be 
based on the size of the electrical couplers 120. For example, 
the diameter D of the spacer elements 134 can be between 
approximately 30% and approximately 99% (e.g., 40%-70% 
and 50%-60%) of the diameter D of the electrical couplers 
120. In one such embodiment, the diameter D. of the 
electrical couplers 120 is approximately 80 um, and the 
diameter D of the spacer elements 134 is between approxi 
mately 37 um and approximately 50 lum. In other embodi 
ments, the diameter D of the spacer elements 134 can be 
less than 37 um or greater than 50 lum. In either case, the 
diameter D of the spacer elements 134 is less than the 
diameter D. of the electrical couplers 120 so that the 
electrical couplers 120 can contact corresponding pads on 
the external member. The spacer elements 134 can be glass 
spheres or other dielectric members that do not interfere 
with the electrical connection between the electrical cou 
plers 120 and the external member. After forming the 
underfill layer 130, the workpiece 100 can be heated to at 
least partially cure (e.g., B stage) the underfill layer 130, and 
the workpiece 100 can be cut along lines A-A to singulate 
the individual microelectronic dies 110. 

0034 FIG. 2B is a schematic side cross-sectional view of 
a microelectronic device assembly 102 including the singu 
lated dies 110 arranged in an array on a support member 160. 
The support member 160 can be a lead frame or a substrate, 
such as a printed circuit board, for carrying the dies 110. The 
illustrated support member 160 includes a first side 162 with 
a plurality of contacts 164 and a second side 166 with a 
plurality of pads 168. The contacts 164 are arranged in 
arrays for electrical coupling to corresponding electrical 
couplers 120. The pads 168 are arranged in arrays to receive 
a plurality of conductive members (e.g., solder balls). The 
support member 160 further includes a plurality of conduc 
tive traces 169 electrically coupling the contacts 164 to 
corresponding pads 168. The microelectronic dies 110 are 
placed on the support member 160 by pressing the underfill 
layer 130 against the first side 162 of the support member 
160 with the electrical couplers 120 aligned with corre 
sponding contacts 164. 
0035 FIG. 2C is a schematic side cross-sectional view of 
the microelectronic device assembly 102 after reflowing the 
electrical couplers 120 to mechanically and electrically 
connect the terminals 116 to the contacts 164. During reflow, 
the weight of the dies 110 can cause the heated electrical 
couplers 120 to collapse such that the dies 110 move toward 
the support member 160 in a direction T. Although the 
movement of the dies 110 spreads the underfill layer 130, at 
least some of the spacer elements 134 are sandwiched 
between the active side 112 of the dies 110 and the first side 
162 of the support member 160. These spacer elements 134 
inhibit further movement of the dies 110 in the direction T 
to space the dies 110 apart from the support member 160 by 
a gap G, which is generally equal to the diameter D of the 
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spacer elements 134. In other embodiments, however, the 
electrical couplers 120 may not completely collapse during 
reflow and the gap G may be greater than the diameter D. 
of the spacer elements 134. After reflowing the electrical 
couplers 120, a casing 170 can be formed over the dies 110. 
a plurality of electrical members 180 (e.g., solder balls) can 
be attached to corresponding pads 168, and the assembly 
102 can be cut along lines B-B to singulate a plurality of 
individual microelectronic devices 104. 

0036) One feature of the microelectronic devices 104 
illustrated in FIG. 2C is that the spacer elements 134 space 
the dies 110 apart from the support member 160 by a 
predetermined distance selected to prevent the weight of the 
dies 110 from completely collapsing the electrical couplers 
120 during reflow. An advantage of this feature is that the 
microelectronic devices 104 have a uniform and accurate 
height because the gap G between the dies 110 and the 
substrate 160 is based on the diameter D of the spacer 
elements 134. Another advantage of this feature is that the 
spacer elements 134 are expected to eliminate or at least 
inhibit the electrical shorting which can occur when the 
electrical couplers 120 collapse and spread during reflow. 

C. Additional Embodiments of Methods for Manufacturing 
Microelectronic Devices 

0037 FIGS. 3A-3E illustrate stages in another embodi 
ment of a method for manufacturing a plurality of micro 
electronic devices in accordance with the invention. For 
example, FIG. 3A is a top plan view of a microfeature 
workpiece 200, and FIG. 3B is a schematic side cross 
sectional view of the workpiece 200 taken substantially 
along line 3B-3B in FIG. 3A. Referring to both FIGS. 3A 
and 3B, the illustrated workpiece 200 is generally similar to 
the workpiece 100 described above with reference to FIG. 
2A. For example, the workpiece 200 includes a substrate 
108 (FIG. 3B), a plurality of dies 210 formed in and/or on 
the substrate 108, and a plurality of electrical couplers 120 
attached to corresponding terminals 116 (FIG. 3B) on the 
dies 210. The illustrated workpiece 200, however, includes 
a plurality of discrete volumes of flowable material 230 
arranged in an array on corresponding dies 210. The indi 
vidual volumes of flowable material 230 include a binder 
132 (FIG. 3B) and a plurality of spacer elements 134 (FIG. 
3B) disposed within the binder 132. The spacer elements 
134 are sized to provide a minimum gap between the dies 
210 and the external members to which the dies 210 are 
subsequently attached. In the illustrated embodiment, the 
volumes of flowable material 230 are placed on the active 
side 112 at each corner of the individual dies 210. In other 
embodiments, such as the embodiment described below with 
reference to FIGS. 4A and 4B, the volumes of flowable 
material 230 can be arranged on the workpiece 200 in other 
configurations. 

0038 FIG. 3C is a schematic side cross-sectional view of 
the workpiece 200 after forming an underfill layer 238 on the 
active side 112 of the dies 210. The underfill layer 238 
protects the dies 210 from moisture, chemicals, or other 
contaminants and may partially or completely cover the 
electrical couplers 120 and/or the volumes of flowable 
material 230. In other embodiments, the underfill layer 238 
may not be deposited onto the workpiece 200, but rather 
underfill material may be introduced into the gap between 
the dies 210 and a support member after attaching the dies 
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210 to the support member. In additional embodiments, the 
dies 210 may not include an underfill layer. In either case, 
the workpiece 200 can be cut along lines C-C to singulate 
the individual microelectronic dies 210. 

0039 FIG. 3D is a schematic side cross-sectional view of 
a microelectronic device assembly 202 including the singu 
lated microelectronic dies 210 arranged in an array on a 
support member 260. The illustrated support member 260 
can be generally similar to the support member 160 
described above with reference to FIG. 2B. For example, the 
support member 260 includes a plurality of contacts 164, a 
plurality of pads 168, and a plurality of traces 169 electri 
cally coupling the contacts 164 to corresponding pads 168. 
The individual dies 210 are placed on the support member 
260 by pressing the volumes of flowable material 230 and 
the underfill layer 238 against the first side 162 of the 
support member 260 with the electrical couplers 120 aligned 
with corresponding contacts 164. 
0040 FIG. 3E is a schematic side cross-sectional view of 
the microelectronic device assembly 202 after reflowing the 
electrical couplers 120 to mechanically and electrically 
connect the terminals 116 to the contacts 164. During reflow, 
the weight of the dies 210 may cause the heated electrical 
couplers 120 to collapse such that the dies 210 move toward 
the support member 260 in the direction T. The movement 
of the dies 210 spreads the volumes of flowable material 
230, and at least some of the spacer elements 134 are 
sandwiched between the active side 112 of the dies 210 and 
the first side 162 of the support member 260. These spacer 
elements 134 inhibit further movement of the dies 210 in the 
direction T and space the dies 210 apart from the support 
member 260 by a gap G. After reflowing the electrical 
couplers 120, a casing 170 is formed over the dies 210, a 
plurality of conductive members 180 are attached to corre 
sponding pads 168, and the assembly 202 can be cut along 
lines D-D to singulate a plurality of individual microelec 
tronic devices 204. 

D. Additional Embodiments of Microfeature Workpieces 
With Flowable Material 

0041 FIG. 4A is a schematic top plan view of a micro 
feature workpiece 300 in accordance with another embodi 
ment of the invention. FIG. 48 is a schematic side cross 
sectional view of the workpiece 300 taken substantially 
along line 4B-4B in FIG. 4A. The illustrated workpiece 300 
is generally similar to the workpiece 200 described above 
with reference to FIGS. 3A and 3B. For example, the 
workpiece 300 includes a substrate 108 (FIG. 4B), a plu 
rality of dies 210 formed in and/or on the substrate 108, and 
a plurality of electrical couplers 120 attached to correspond 
ing terminals 116 (FIG. 4B) on the dies 210. The illustrated 
workpiece 300, however, includes a plurality of discrete 
volumes of flowable material 330 arranged in strips gener 
ally corresponding to the line of terminals 116 and electrical 
couplers 120 on each die 210. The volumes of flowable 
material 330 include a binder 132 (FIG. 4B) and a plurality 
of spacer elements 134 (FIG. 4B) disposed within the binder 
132. The spacer elements 134 are sized to provide a mini 
mum gap between the dies 210 and the external members to 
which the dies 210 are subsequently attached. Although in 
the illustrated embodiment the volumes of flowable material 
330 cover the electrical couplers 120, in other embodiments 
the volumes of flowable material 330 may not completely 
cover the electrical couplers 120. 
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E. Additional Embodiments of Microelectronic Devices 
Including Stacked Dies 

0.042 FIG. 5A is a schematic side cross-sectional view of 
a microelectronic device assembly 402 in accordance with 
another embodiment of the invention. The device assembly 
402 is generally similar to the assembly 102 described above 
with reference to FIG. 2B. For example, the illustrated 
assembly 402 includes a support member 160, a plurality of 
first dies 410 carried by the support member 160, a plurality 
of first electrical couplers 120a extending between the 
terminals 116 of the first dies 410 and corresponding con 
tacts 164 on the support member 160, and a flowable 
material or underfill layer 130 disposed between the first 
dies 410 and the support member 160. In the illustrated 
embodiment, however, the individual first dies 410 further 
include a plurality of conductive through-wafer intercon 
nects 117 extending between the active side 112 and the 
backside 114. 

0043. The illustrated microelectronic device assembly 
402 further includes a plurality of second dies 210 attached 
to the backside 114 of corresponding first dies 410, a 
plurality of second electrical couplers 120b attached 
between the terminals 116 of the second dies 210 and 
corresponding interconnects 117 in the first dies 410, and a 
plurality of discrete volumes of flowable material 230 dis 
posed between the first and second dies 410 and 210. The 
volumes of flowable material 230 can be formed on the 
active side 112 of the second dies 210 or the backside 114 
of the first dies 410 before the second dies 210 are attached 
to the first dies 410. In either case, the underfill layer 130 and 
the volumes of flowable material 230 include a plurality of 
spacer elements 134a-b, respectively, for providing a mini 
mum gap between the different components. In other 
embodiments, the assembly 402 can further include an 
underfill layer between the first and second dies 410 and 
210. 

0044 FIG. 5B is a schematic side cross-sectional view of 
the microelectronic device assembly 402 after reflowing the 
first and second electrical couplers 120a-b. During reflow, 
the weight of the first and second dies 410 and 210 causes 
the first and second electrical couplers 120a-b to collapse 
such that the first and second dies 410 and 210 move toward 
the support member 160 in the direction T. The movement 
of the first dies 410 spreads the underfill layer 130, and at 
least some of the spacer elements 134a are sandwiched 
between the active side 112 of the first dies 410 and the first 
side 162 of the support member 160. These spacer elements 
134a inhibit further movement of the first dies 410 in the 
direction T and space the first dies 410 apart from the 
support member 160 by a gap G. The movement of the 
second dies 210 spreads the volumes of flowable material 
230, and at least some of the spacer elements 134b are 
sandwiched between the active side 112 of the second dies 
210 and the backside 114 of the first dies 410. These spacer 
elements 134b inhibit further movement of the second dies 
210 in the direction T and space the first and second dies 410 
and 210 apart by a gap G. After reflowing the first and 
second electrical couplers 120a-b, a casing 470 is formed 
over the dies 210 and 410, a plurality of conductive mem 
bers 180 are attached to corresponding pads 168, and the 
assembly 402 can be cut along lines E-E to singulate a 
plurality of individual microelectronic devices 404. 
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0045 One feature of the microelectronic devices 404 
illustrated in FIG. 5B is that the spacer elements 134b are 
positioned outboard the second electrical couplers 120b. 
One advantage of this feature is that the spacer elements 
134b prevent die tilt in which the distance between the first 
and second dies 410 and 210 varies across the devices 404. 
Die tilt can cause problems with molding, testing, and other 
post-reflow processes. For example, if the second die 210 is 
not parallel with the first die 410, the “high side' of the 
second die 210 may be exposed after forming the casing 
470. 

0046) From the foregoing, it will be appreciated that 
specific embodiments of the invention have been described 
herein for purposes of illustration, but that various modifi 
cations may be made without deviating from the spirit and 
Scope of the invention. For example, many of the elements 
of one embodiment can be combined with other embodi 
ments in addition to or in lieu of the elements of the other 
embodiments. Accordingly, the invention is not limited 
except as by the appended claims. 
I/We claim: 

1. A microelectronic device, comprising: 
a microelectronic die having an integrated circuit and a 

plurality of terminals operably coupled to the integrated 
circuit; 

a plurality of electrical couplers attached to corresponding 
terminals and projecting from the die; and 

a flowable material disposed on the die, wherein the 
flowable material comprises a plurality of spacer ele 
ments sized to space the die apart from another com 
ponent by a distance that inhibits contact between the 
electrical couplers during a reflow process. 

2. The microelectronic device of claim 1 wherein: 

the electrical couplers comprise a plurality of solder balls 
having a first diameter; 

the spacer elements comprise a plurality of dielectric 
spherical members having a second diameter at least 
30% of the first diameter; 

the spherical members are distributed generally uniformly 
throughout the flowable material; and 

the flowable material further comprises at least one of an 
underfill material or a flux compound. 

3. The microelectronic device of claim 1 wherein: 

the individual electrical couplers have a first dimension; 
and 

the individual spacer elements have a second dimension at 
least 30% of the first dimension. 

4. The microelectronic device of claim 1 wherein: 

the flowable material further comprises a binder; and 
the spacer elements are distributed generally uniformly 

throughout the binder. 
5. The microelectronic device of claim 1 wherein the 

spacer elements comprise a plurality of dielectric members. 
6. The microelectronic device of claim 1 wherein the 

spacer elements comprise a plurality of glass spheres. 
7. The microelectronic device of claim 1 wherein the 

individual spacer elements have a dimension greater than 37 
microns. 
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8. The microelectronic device of claim 1 wherein the 
flowable material is disposed in discrete Volumes arranged 
in an array on the die. 

9. The microelectronic device of claim 1 wherein the 
flowable material covers at least some of the terminals on the 
die. 

10. The microelectronic device of claim 1 wherein the 
flowable material further comprises a no-flow underfill. 

11. The microelectronic device of claim 1 wherein the 
flowable material further comprises a flux compound. 

12. The microelectronic device of claim 1, further com 
prising the other component, wherein the other component 
comprises a Substrate having a plurality of contacts attached 
to corresponding electrical couplers, and wherein the flow 
able material is positioned between the substrate and the die. 

13. The microelectronic device of claim 1 wherein: 

the microelectronic die comprises a first microelectronic 
die; 

the microelectronic device further comprises the other 
component; 

the other component comprises a second microelectronic 
die having an integrated circuit, a plurality of terminals 
operably coupled to the integrated circuit, and a plu 
rality of conductive interconnects extending through 
the second die; 

the electrical couplers are attached to corresponding inter 
connects; and 

the flowable material is positioned between the first and 
second microelectronic dies. 

14. The microelectronic device of claim 1 wherein the 
electrical couplers comprise a plurality of solder balls elec 
trically coupled to corresponding terminals. 

15. A microelectronic device, comprising: 

a microelectronic component having an active side and a 
plurality of terminals on the active side; 

a plurality of electrical couplers attached to corresponding 
terminals and projecting from the microelectronic com 
ponent, the individual electrical couplers having a first 
dimension; and 

a flowable material disposed on the active side of the 
microelectronic component, the flowable material com 
prising a plurality of spacer elements having a second 
dimension at least 30% of the first dimension. 

16. The microelectronic device of claim 15 wherein the 
individual spacer elements are sized to space the microelec 
tronic component apart from another component. 

17. The microelectronic device of claim 15 wherein the 
spacer elements comprise a plurality of dielectric members 
distributed generally uniformly throughout the flowable 
material. 

18. The microelectronic device of claim 15 wherein the 
flowable material comprises a no-flow underfill. 

19. The microelectronic device of claim 15, further com 
prising a substrate having a plurality of contacts coupled to 
corresponding electrical couplers, wherein the flowable 
material is positioned between the substrate and the micro 
electronic component. 
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20. The microelectronic device of claim 15 wherein: 

the microelectronic component further comprises a first 
microelectronic die having the terminals and an inte 
grated circuit operably coupled to the terminals; 

the microelectronic device further comprises a second 
microelectronic die having an integrated circuit, a plu 
rality of terminals operably coupled to the integrated 
circuit, and a plurality of conductive interconnects 
extending through the second die; 

the electrical couplers are attached to corresponding inter 
connects; and 

the flowable material is positioned between the first and 
second microelectronic dies. 

21. A microfeature workpiece, comprising: 

a plurality of microelectronic dies; 
a plurality of electrical couplers arranged in discrete 

arrays that are electrically coupled to corresponding 
microelectronic dies; and 

a flowable material disposed on the microelectronic dies, 
the flowable material comprising a plurality of spacer 
elements sized to correspond to a gap between the 
individual dies and other components to which the dies 
are attached such that the electric couplers are inhibited 
from contacting each other during a reflow process. 

22. The microfeature workpiece of claim 21 wherein: 
the individual electrical couplers have a first dimension; 

and 

the individual spacer elements have a second dimension at 
least 30% of the first dimension. 

23. The microfeature workpiece of claim 21 wherein the 
flowable material comprises a no-flow underfill. 

24. The microfeature workpiece of claim 21 wherein the 
spacer elements are distributed generally uniformly through 
out the flowable material. 

25. The microfeature workpiece of claim 21 wherein the 
flowable material is disposed in discrete Volumes arranged 
in arrays on corresponding microelectronic dies. 

26. The microfeature workpiece of claim 21 wherein: 
the individual microelectronic dies comprise a plurality of 

terminals; and 

the flowable material is disposed in discrete volumes 
covering at least some of the terminals on correspond 
ing dies. 

27. The microfeature workpiece of claim 21 wherein the 
flowable material is disposed in a layer covering multiple 
dies. 

28. A microelectronic device, comprising: 
a microelectronic component having a plurality of termi 

nals; 

a plurality of electrical couplers attached to corresponding 
terminals on the microelectronic component; 

a Substrate having a plurality of contacts coupled to 
corresponding electrical couplers; and 

a flowable material between the microelectronic compo 
nent and the substrate, the flowable material compris 
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ing a plurality of spacer elements with at least one 
spacer element contacting the microelectronic compo 
nent and the Substrate. 

29. The microelectronic device of claim 28 wherein the 
individual spacer elements are sized to space the microelec 
tronic component apart from the Substrate by a predeter 
mined minimum gap. 

30. The microelectronic device of claim 28 wherein the 
individual electrical couplers comprise a plurality of 
reflowed solder balls. 

31. The microelectronic device of claim 28 wherein the 
microelectronic component comprises a microelectronic die 
having the terminals and an integrated circuit operably 
coupled to the terminals. 

32. The microelectronic device of claim 28 wherein: 

the microelectronic component comprises a first micro 
electronic die having the terminals, an integrated circuit 
operably coupled to the terminals, and a plurality of 
conductive interconnects extending through the first 
die; 

the electrical couplers comprise a plurality of first elec 
trical couplers; 

the flowable material comprises a first flowable material; 
the microelectronic device further comprises (a) a second 

microelectronic die having an integrated circuit and a 
plurality of terminals operably coupled to the integrated 
circuit, (b) a plurality of second electrical couplers 
attaching the second die to the first die and electrically 
connecting the terminals on the second die to corre 
sponding interconnects on the first die, and (c) a second 
flowable material between the first and second micro 
electronic dies; and 

the second flowable material comprises a plurality of 
spacer elements with at least one spacer element con 
tacting the first and second microelectronic dies. 

33. The microelectronic device of claim 28 wherein the 
flowable material is disposed in discrete spaced-apart Vol 
umes between the microelectronic component and the Sub 
Strate. 

34. The microelectronic device of claim 28 wherein the 
flowable material covers at least some of the terminals on the 
microelectronic component. 

35. The microelectronic device of claim 28 wherein the 
flowable material comprises a no-flow underfill. 

36. A microelectronic device, comprising: 
a first microelectronic die including an integrated circuit, 

a plurality of terminals operably coupled to the inte 
grated circuit, and a plurality of conductive intercon 
nects extending through the first die; 

a second microelectronic die including an integrated 
circuit and a plurality of terminals operably coupled to 
the integrated circuit; 

a plurality of electrical couplers between the first and 
second microelectronic dies and electrically connecting 
the terminals of the second die to corresponding inter 
connects of the first die; and 

a flowable material disposed between the first and second 
dies, the flowable material comprising a plurality of 
spacer elements sized to space the first and second dies 
apart by a gap. 

Aug. 9, 2007 

37. The microelectronic device of claim 36 wherein: 

the individual electrical couplers have a first dimension; 
and 

the individual spacer elements have a second dimension at 
least 30% of the first dimension. 

38. The microelectronic device of claim 36 wherein the 
electrical couplers comprise a plurality of first electrical 
couplers, wherein the flowable material comprises a first 
flowable material, and wherein the device further comprises: 

a substrate attached to the first die such that the first die 
is positioned between the second die and the substrate, 
the Substrate including a plurality of contacts; 

a plurality of second electrical couplers electrically con 
necting the interconnects and the terminals of the first 
die to corresponding contacts on the Substrate; and 

a second flowable material positioned between the first 
die and the substrate, the second flowable material 
comprising a plurality of spacer elements sized to space 
the first die apart from the substrate. 

39. The microelectronic device of claim 36 wherein the 
flowable material is disposed in discrete spaced-apart Vol 
umes between the first and second microelectronic dies. 

40. The microelectronic device of claim 36 wherein the 
flowable material covers at least some of the terminals on the 
second microelectronic die. 

41. The microelectronic device of claim 36 wherein the 
flowable material comprises a no-flow underfill. 

42. A composition for use in a microelectronic device 
having a first component, a second component, and a 
plurality of electrical couplers extending between the first 
and second components, the composition comprising: 

a flowable binder having a first state in which the binder 
is flowable and a second state with a greater viscosity 
than the first state; and 

a plurality of spacer elements disposed within the flow 
able binder, the spacer elements being sized to space 
the first and second components apart by a minimum 
distance. 

43. The composition of claim 42 wherein the individual 
spacer elements have a dimension at least 30% of a corre 
sponding dimension of the electrical couplers. 

44. The composition of claim 42 wherein the spacer 
elements are distributed generally uniformly throughout the 
binder. 

45. The composition of claim 42 wherein the spacer 
elements comprise a plurality of dielectric members. 

46. The composition of claim 42 wherein the spacer 
elements comprise a plurality of glass spheres. 

47. The composition of claim 42 wherein the individual 
spacer elements have a dimension greater than 37 microns. 

48. The composition of claim 42 wherein the binder 
comprises a no-flow underfill. 

49. The composition of claim 42 wherein the binder 
comprises a flux compound. 

50. A method for manufacturing a microelectronic device 
having a microelectronic component and a plurality of 
electrical couplers with a first dimension attached to the 
component, the method comprising depositing a flowable 
material including a plurality of spacer elements onto the 
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microelectronic component, the spacer elements having a 
second dimension at least 30% of the first dimension of the 
electrical couplers. 

51. The method of claim 50 wherein: 

the microelectronic component comprises a microelec 
tronic die; 

the method further comprises attaching the electrical 
couplers to the microelectronic die; and 

depositing the flowable material comprises flowing the 
flowable material onto the microelectronic die. 

52. The method of claim 50 wherein the microelectronic 
component comprises a first microelectronic component, 
and wherein the method further comprises: 

attaching the first microelectronic component to a second 
microelectronic component with the flowable material 
and the electrical couplers positioned between the first 
and second microelectronic components; and 

reflowing the electrical couplers after depositing the flow 
able material Such that at least one spacer element 
contacts the first and second microelectronic compo 
nentS. 

53. The method of claim 50 wherein the spacer elements 
comprise a plurality of dielectric members, and wherein 
depositing the flowable material comprises flowing the 
dielectric members onto the microelectronic component. 

54. The method of claim 50 wherein depositing the 
flowable material comprises disposing a plurality of discrete 
volumes of the flowable material in an array on the micro 
electronic component. 

55. The method of claim 50 wherein: 

the microelectronic component comprises a plurality of 
terminals; and 

depositing the flowable material comprises covering at 
least some of the terminals with the flowable material. 

56. The method of claim 50 wherein depositing the 
flowable material comprises flowing a no-flow underfill onto 
the microelectronic component. 

57. The method of claim 50 wherein depositing the 
flowable material comprises flowing a flux compound onto 
the microelectronic component 

58. The method of claim 50 wherein: 

the microelectronic component comprises a first micro 
electronic die; 

depositing the flowable material comprises flowing the 
flowable material onto the first microelectronic die; and 
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the method further comprises attaching the first micro 
electronic die to a second microelectronic die with the 
flowable material and the electrical couplers positioned 
between the first and second microelectronic dies. 

59. A method for manufacturing a microelectronic device, 
the method comprising: 

depositing a flowable material onto a first microelectronic 
component having a plurality of terminals, the flowable 
material including a plurality of spacer elements; 

attaching the first microelectronic component to a second 
microelectronic component with the flowable material 
positioned between the first and second microelectronic 
components and with a plurality of electrical couplers 
electrically connecting the terminals on the first micro 
electronic component to corresponding contacts on the 
second microelectronic component; and 

reflowing the electrical couplers such that at least one of 
the spacer elements contacts the first and second micro 
electronic components. 

60. The method of claim 59 wherein: 

depositing the flowable material comprises flowing a 
flowable material onto a microelectronic die; and 

attaching the first microelectronic component comprises 
coupling the microelectronic die to a Substrate with the 
flowable material positioned between the die and the 
Substrate 

61. The method of claim 59 wherein: 

depositing the flowable material comprises flowing a 
flowable material onto a first microelectronic die; and 

attaching the first microelectronic component comprises 
coupling the first microelectronic die to a second 
microelectronic die with the flowable material posi 
tioned between the first and second dies. 

62. The method of claim 59 wherein depositing the 
flowable material comprises disposing a plurality of discrete 
volumes of the flowable material in an array on the first 
microelectronic component. 

63. The method of claim 59 wherein depositing the 
flowable material comprises covering at least some of the 
terminals of the first microelectronic component with the 
flowable material. 

64. The method of claim 59 wherein depositing the 
flowable material comprises flowing a no-flow underfill onto 
the first microelectronic component. 
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